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Abstract ' Very intensive studies about photoluminescence spectra of semiconductor crystals have been done for a long time When single crystal 
t dS IS excited at low temperatures with photon energy above the band gap, eicctron-holc pairs aie produced and these can lecoiiibine in a numbei of 
ua\s, some of which give rise to luminescence. Photoluminescence spectra of the single crystal CdS have been obtained at 5 and 7K using the low 
i.'inpcrature photoluminescence experimental arrangement He>Cd la.ser that has 325nm wavelength and 9mW output power was used as the excitation 
source and the experimental data obtained by computer-controlled spectrometer was processed by means of computer Photoluminescence spectra in 
ihc langc of 2 53 to 2 21 eV have been recorded and it has been seen from the experimental data as 5 and 7 K that there are some ratios between 
miuistnes of phonon replicas and intensities of donor-acceptor pair emission and this ratios give us nonlinear results in the spectral emission range of 
the CdS single crystal
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In recent years, there have been significant works about optical 
piopcrties of both bulk and colloidal CdS at low temperatures. 
Due to their industrial applications, studies of the optical 
nonlinearity of CdS have gained importance. The works of 
nonlinearity recently have been focused on CdS single crystal 
111 and the other materials including CdS [2] and also CdS doped 
silica films [3]. Moreover, properties of nonlinearity of CdS are 
gi-Tting more significant in optical switching [4]. Relating to the 
‘Tiical properties of CdS, photoluminescence studies of CdS 
have recently been concen trated  on this film s [5, 6], 
hctcrostructures [7], nanocrystals [8, 9] and also colloids [lO], 
* lie works of photoluminescence of electrochemically deposited 
f dS has been investigated at 77K and peak emission at 488 nm 
been observed  [ l l j .  Phase transition  and 
plioioluminescence study of CdS thin film has been done. Well 
l^ nown additional green band 112] has been observed in CdS- 
^dSj^Se^ supcrlattice [13]. In this work, photoluminescence 
‘'Pecira of CdS single crystal excited by He-Cd laser have been 
f^ hlaincd. Analysing the emission spectra, the dominant peaks 
'vere identified and from the numerical ratios of the relative
^«rre.sponding Author.
intensity of donor-acceptor peak to those of phonon replicas, a 
nonlinearity in the .spectral range has been obtained by using 
Sigma Plot Scientific Graph System programme.
The experim ental arrangem ent used in the 
photoluminescence experiment mainly consists of He-Cd laser, 
computer-controlled spectrometer, low temperature cryo,slat with 
liquid helium How, photomultiplier tube, phase .sensitive detector 
(lock-in amplifier), photodetcctor, optical chopper, concave 
lenses, mirror and computer including software and hardware 
related to photoluminescence measurement .scl-up. In the 
experimental study, first, the semiconductor sample was mounted 
in the cryostat so that front surface geometry would be at 45*^* to 
eliminate optical interference. Since the He-Cd laser emits photon 
of325nm wavelength(/n> = 3.81 eV, > ^fucds) )i t^id
9mW output power, the laser was used as an excitation source. 
Laser beam was focused by the concave lens onto the sample 
mounted in the cryostat. Optical filler was u,sed to prevent the 
exciting laser light from entering the moncx:hromator. Moreover, 
a mechanical chopper was used in order to modulate the light. 
Thus, photoluminescence measurements were done.
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Utilising the experimental set-up, the ambient temperature 
of the single crystal was decreased from room temperature to 
5 K using liquid helium and photolumincsccnce emission in the 
range 2.21 to 2.53 eV was obtained as shown in Figure 1.
Using the numerical data given in Table 1, the ratios ol the 
relative intensities of phonon replicas and that of donor-acccpun 
pair emission at 5 and 7 K were evaluated and third order nonlinear 
interpolation curves have been obtained as seen in Figure 2
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Figure 1. Photolumincsccnce spectra of CdS at 5 and 7 K.
As seen in Figure 1, the peaks at 2.40 cV correspond to 
donor-acceptor pair emission, the other four peaks (at 2.36,2.32, 
2.28 and 2.24 eV) to phonons [14-16] in the spectral emission. 
Experimental parameters used and the obtained data (in numerical 
values) are given in Table 1,
Table 1. Photolumincsccnce measurements of single crystal
Photon Energy (eV)
Figure 2. Plots of relative intensity ratios of the phonon replicas and ilu 
donor-acceptor band against photon emission energy at 5  and 7  K
Concerning the numerical values of RRl (Ratio of Rclaiiu 
Intensities) and PhE (Photon Energy) of phololumincsccncc 
emission at 5 and 7 K, an empirical equation has been ubtaiiicd 
as
R R l  =  h ^ + b \ . { F h E )  +  b j A P h E ) -  + h y . { P h E ) \  H H
CdS
Phonon Peak of Intensity of phonon
Experimental parameters Temperature replicas Donor-ucceptor replicas/donor-acceptor
(K) energy (cV) energy (cV) pair emission
Resolution ; High 2 .36 7 .1 /10
Slit width * 0.1 mm
Filter : 2E (Wratten) 2 32 3.35/10
Detector :
Laser line : ,12.5 nm 
Laser output power : 9 mW
5K 2.28 2 .40 1 41/10
PSD time constant 0 1 s 2 24 0.74 /10
PSD gain : 5mV
Resolution : High 2.36 8.62/10
Slit width ; 0.1 mm 
Filter : 2E (Wratten) 
Detector : S2<|»
2.12 4.71 /10
Laser Line : 125 nm 7K 2.28 2 .40 2 .17/10
Laser output power : 9 mW 
PSD time constant : 0.1 s 
PSD gain : 5 mV
2.24 1.08/10
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Num erical details  o f  the th ird  order in terpo lation  curves at 5 
and 7 K w ith respect to eq. ( 1 .1) are given b e lo w ;
T  =  5 K T  = 7 K
(’ijcllicicnls Coe ffic ie nt s
hli'l I 4 6 7 . 2 1 0 0 4 9 . t 8 t 4 b[0 ) 4 7 2 . 2 7 2 0 1 2 6 9 5 2
bil l 2 0 1 5 , 1 3 7 5 6 4 4 3 5 2 b i n 5 . 2 6 9 5 4 1 832.3C+2
H-’ l 9 2 2 1 8 7 .S 2 8 0 2 C + 2 b[2 1 1 8 7  8 1 2 5 0 7 2 0 3 7
I 4 0 . 6 2 . S 0 0 4 0 6 0 8 b|3 ] - 2 0  8 . 3 3 3 3 4 3 7 7 3
P h E R R I P h E R R !
0 0 7 3 9 9 9 9 9 9 9 2 2 4 0 . 1 0 8
:  M 6 0 0 7 8 0 7 6 6 2 .S  1 2 . 2 4 6 0 1 1 4 7 9 1 7 5
( } .( ) 8 3 9 7 8 0 0 0 2 2 2 52 0 1 2 4 9 9 9
: 2 5 8 0 . 0 9 1 8 8 6 . 1 7 5 3 2 25 8 0 1 3 8 5 9 4 7 4 9 9
 ^ 264 0 1 0 1 9 8 4 0 0 0 3 2 2 6 4 0 1 5 5 5 5 1 9 9 9 9
2 27 0 1 1 4 4 5 3 1 2 5 3 2 2 7 0 1 7 5 8 4 3 7 4 9 9
2 276 0 1 2 9 4 7 6 0 0 0 3 2 2 7 6 0 1 9 9 4 4 2 9 9 9 9
2 ’‘82 0  1 4 7 2 3 4 X 7 5 2 2 2 82 0 2 2 6 3 2 2 7 4 9 9
2 288 0  1 6 7 9 1 2 0 0 0 2 2 2 88 0 2 5 6 4 5 6
2 71)4 0 I<)1 ( .8 9 6 2 5 1 2 2 9 4 0 2 8 9 8 1 5 7 5
’ i 0 2 1 8 7 5 2 3 0 3 2 6 3 7 5
(06 0 2 4 9 2 7 5 3 7 4 9 2 306 0 3 6 6 1 0 6 7 5
2 U 2 0 2 8 3 4 4 7 9 9 9 8 2 . 3 1 2 0 4 0 8 9 8 4
2 M S 0  3 2 1 4 . 5 0 1 2 4 8 2 3 1 8 0 4 5 4 9 7 9 7 5 0 1
2 <24 0 3 6 3 4 6 3 9 9 9 7 2 3 2 4 0 50 406 7()() () 1
: 0 4 0 9 6 7 1 8 7 4 7 2 33 0 5 5 6 2 1 8 7 5 0 1
2 U 6 0 4 6 0 2 5 5 9 9 9 7 2.3 0 6 I 1 4 0 8 0 ( ) ( ) 1
2 ^42 0 . 5 1 5 3 9 8 6 2 4 7 2 3 4 2 0 6 6 9 6 0 7 7 5 0 1
2 348 0 5 7 5 2 8 1 9 9 9 8 2 34 8 0 7 3 0 7 9 1
0 6 4 0 0 8 8 3 7 4 9 2 354 0 7 9 4 9 3 0 7 5
2 0) 0 7 1 0 0 0 0 0 0 0 1 2 36 0 862
These values g iven  above  show  that there is a third order 
nonlinearity betw een the values o f  PhE and  R Rl o f single crystal 
C’d S a t5 a n d 7 K .
In this experim ental w ork, photo lum inescence m easurem ent 
was carried ou t at liquid helium  tem peratu res to p revent therm al
ionisation o f  the op tically  active cen tres and to  m inim ise the 
effect o f  lattice v ibrations in the crystal. As in F igure  I , it has 
been seen that the peaks o f  phonon replicas arc qu ite  dom inant 
in the .spectra as well as donor-accep to r pair em ission  and also 
d e c rea s in g  o f  in tensity  o f  the p h onon  rep licas  again st the 
em ission speclruin are very clear. C oncerning the num erical data 
o f the experim ent at 5 and 7K . am ong the relative intensities ol 
donor-acceptor and phonon em ission peaks, a nonlinear relation 
has been  seen and this fact has been proved by use o f num erical 
datstobtained in the experim ent.
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